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modeling results for each Class I area (represented by IMPROVE sites) to provide an 
understanding of the unique situation in each area.  

One overarching observation from this modeling is the small magnitude of both observed and 
predicted light extinction on the 20% most anthropogenically impaired days and the 20% clearest 
days in certain areas, particularly areas in the western U.S. In assessing model performance, the 
EPA observed that the model bias is highly variant across the continental U.S. For example, 
nitrate is generally overpredicted in the northern states and underpredicted in the southern states. 
Despite this variability in model performance, we observed that the model bias is generally 
smaller (better performance) on the 20% most anthropogenically impaired days when compared 
with the 20% haziest days. This is as expected, since a focus on the 20% most anthropogenically 
impaired days avoids days highly affected by wildfires and dust storms, the impacts of which can 
be more challenging to model. 

Visibility at most eastern Class I areas on the 20% most anthropogenically impaired days is 
projected to be below the unadjusted glidepath in 2028, with a relatively higher percentage of the 
light extinction due to domestic anthropogenic sources. At many western Class I areas, visibility 
is projected to be above the unadjusted glidepath. However, at most of the western areas, the 
projections relative to the unadjusted glidepath are uncertain because of greater uncertainties 
associated with certain sources of the light extinction (in particular, boundary conditions) 3 and in 
some cases, poor model performance.  

Limitations of The Preliminary Model Results  

Based on our assessment of these results, we identified a number of uncertainties and model 
performance issues that should be addressed in future EPA, state, multistate, or stakeholder 
modeling that may be used in SIP development. Despite these uncertainties, the EPA is releasing 
this information to begin the necessary collaborative work with states, tribes, multi-jurisdictional 
organizations, and federal land managers. The EPA’s goal is that this information, along with 
future collaborative work, will improve the technical foundation of air quality modeling so that it 
may be useful in regional haze SIP development for the second implementation period. For 
example, model performance is relatively good and model uncertainty is relatively low for some 
Class I areas, particularly in the eastern US. The modeling results for some of these sites may 
provide a reasonably accurate initial assessment of 2028 visibility levels and source sector 

                                                           
Rule. The relevance of this comparison to SIP development is beyond the scope of this modeling, and stakeholders 
with questions about this should consult the January 10, 2017, Federal Register notice and their Regional Office for 
more details. For the purpose of this comparison, we have used values of natural visibility conditions calculated 
according to the draft recommended method in the draft EPA guidance document “Draft Guidance for the Second 
Implementation Period of the Regional Haze Rule” posted at https://www.epa.gov/visibility/regional-haze-guidance-
technical-support-document-and-data-file. Thus, these values of natural visibility conditions and the associated 
glidepaths are not themselves products of this modeling effort. 
3Because boundary conditions in this modeling cannot be separated between anthropogenic and natural sources and 
because the modeling domain boundary is quite close to the U.S. border in some places such that recirculation of 
U.S. emissions back into the U.S. could not be explicitly distinguished, it is not possible to use these modeling 
results to adjust the glidepath for international anthropogenic impacts even as a pro forma analysis. We recommend 
against attempting to use these modeling results to adjust the glidepath for prescribed fire impacts due to the 
uncertainties described in this memo and the TSD. 

https://www.epa.gov/visibility/regional-haze-guidance-technical-support-document-and-data-file
https://www.epa.gov/visibility/regional-haze-guidance-technical-support-document-and-data-file
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contributions. For most Class I areas; however, we recommend using this initial modeling only 
as a first step in the process of evaluating the technical support needed to develop technically 
sound regional haze SIPs for the second implementation period. States should consult with their 
EPA Regional Office to determine the usefulness of the model results for any particular Class I 
area.   

Next Steps 

While the EPA cannot at this time commit to resolving all of the identified issues and re-running 
this modeling, the EPA is committed to participating in collaborative discussions with interested 
stakeholders to work together to improve the scientific foundation necessary to support regional 
haze SIP development.  

We have identified several aspects of this initial modeling that should be improved upon through 
coordination with interested stakeholders. These include, but are not limited to:  

• Expanded domain size to reduce the impact of the boundary conditions assumptions on 
predictions, especially near the domain edge. 

• Updated emission inventory and projections for certain sectors (e.g., remove Clean 
Power Plan assumptions from emission inputs, update oil and gas projections, etc.).  

• Updated boundary conditions based on more recent information about international 
emissions as well as additional modeling to help quantify and distinguish anthropogenic 
and natural international contributions.  

• Improved treatment of fire and fugitive dust emissions in the model.  
• Treatment of secondary organic aerosols (SOA) should be reviewed and SOA tagged 

separately in the source apportionment modeling. 
• Estimation of “natural visibility conditions” used in the glidepath framework should be 

further reviewed and can be informed by the findings of further modeled source 
apportionment modeling. 

Given the multiple areas needing improvement, we reiterate our commitment to work 
collaboratively with interested stakeholders to build upon this initial step in informing second 
implementation period regional haze SIPs.  We look forward to continuing to work with the EPA 
regional offices; state, local, and tribal air agencies; and other interested stakeholders to improve 
upon this initial modeling as part of future collaborative efforts.  

The TSD is available electronically on the EPA’s SCRAM website 
(https://www3.epa.gov/ttn/scram/reports/2028_Regional_Haze_Modeling-TSD.pdf). A summary map 
and set of site-specific summary plots from the TSD is also attached to this memo. Questions and 
requests for the detailed data used to generate summary plots (Excel spreadsheets) should be sent 
to Brian Timin of the EPA’s Air Quality Modeling Group at timin.brian@epa.gov. The EPA will 
also provide all associated inputs and outputs for this initial modeling via hard drives to those 
who request it (total file size of approximately 19 TB). 

https://www3.epa.gov/ttn/scram/reports/2028_Regional_Haze_Modeling-TSD.pdf
mailto:timin.brian@epa.gov
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• The presence of a vertical bar on some dots represent the potential for boundary 
condition assumptions to change the sign of the deviation. When a vertical bar is 
present, the sign can change due to assumptions in boundary conditions alone. 
We use two alternative assumptions about future boundary conditions to create 
a range of 2028 projections (see the modeling TSD for more details on the 
“range” calculations).   

 
A relatively large boundary contribution and/or poor model performance will lead to 
a relatively large 2028 range of uncertainty. The range is relatively small (and 
therefore less uncertain) if model performance is generally good and the boundaries 
contribution is small. When the site range crosses the glidepath, the uncertainty is 
sufficient to change the sign of the deviation (i.e., blue vs red) and a vertical bar is 
overlaid on the IMPROVE sites circle. 

 

Figure A-1- Map of deviation from the 2028 glidepath at IMPROVE sites3, with additional 
2011 model performance and uncertainty information.

  
                                                             
3 The map shows results at IMPROVE sites where a 2028 glidepath could be calculated. Note 
that many IMPROVE sites represent more than one Class I area.  
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Figure 13: 2011 IMPROVE observations, 2011 CAMx model predictions, 2028 modeled projection, and 2028 sector 
contributions at Redwood National Park (CA).  

This figure reflects EPA's initial 2028 regional haze modeling that contains a number of uncertainties such that the results 
should be used with caution. 
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Figure 14: 2011 IMPROVE observations, 2011 CAMx model predictions, 2028 modeled projection, and 2028 sector 
contributions at Mount Jefferson Wilderness (OR), Mount Washington Wilderness (OR), and Three Sisters Wilderness (OR).  

This figure reflects EPA's initial 2028 regional haze modeling that contains a number of uncertainties such that the results 
should be used with caution. 
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Figure 15: 2011 IMPROVE observations, 2011 CAMx model predictions, 2028 modeled projection, and 2028 sector 
contributions at Marble Mountain Wilderness (CA) and Yolla Bolly Middle Eel Wilderness (CA).  

This figure reflects EPA's initial 2028 regional haze modeling that contains a number of uncertainties such that the results 
should be used with caution. 
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California Coast 
• Pinnacles National Monument (CA) and Ventana Wilderness (CA)(PINN1) 
• Point Reyes NS (CA)(PORE1) 
• San Rafael Wilderness (CA)(RAFA1) 
 
Regional visibility model performance and contribution summary on the 20% most impaired days 

 

 

 

 

 

 

 

 

 

 

 

Due to uncertainties in the modeling, the 2028 regional haze results should be used with caution. In particular, the modeling 
results (including the estimated 2028 US anthropogenic contributions) are most uncertain at sites with poor visibility model 
performance and/or high “mixed” (boundary conditions, fugitive dust, offshore, and secondary organics) contributions.  

  

Most important ambient PM 
species contribution to visibility 
(on 20% most impaired days)   

Sulfate, nitrate, relatively high sea salt 

Model visibility performance 
summary (on 20% most impaired 
days) 
  

Sulfate underpredicted at PINN1 and RAFA1, nitrate underpredicted at 
PORE1 and RAFA1, coarse mass underpredicted at RAFA  

Uncertainty in sector contributions High “mixed” sector contribution percentage (49%-67%). 
2028 US anthropogenic percent 
contribution 

14-28% 

Largest US anthropogenic sector 
contributions 

Nonpoint, nonEGU point, On-road, and Residential wood 
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Figure 16: 2011 IMPROVE observations, 2011 CAMx model predictions, 2028 modeled projection, and 2028 sector 
contributions at Pinnacles National Monument (CA) and Ventana Wilderness (CA).  

This figure reflects EPA's initial 2028 regional haze modeling that contains a number of uncertainties such that the results 
should be used with caution. 
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Figure 17: 2011 IMPROVE observations, 2011 CAMx model predictions, 2028 modeled projection, and 2028 sector 
contributions at Point Reyes NS (CA).  

This figure reflects EPA's initial 2028 regional haze modeling that contains a number of uncertainties such that the results 
should be used with caution. 
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Figure 18: 2011 IMPROVE observations, 2011 CAMx model predictions, 2028 modeled projection, and 2028 sector 
contributions at San Rafael Wilderness (CA).  

This figure reflects EPA's initial 2028 regional haze modeling that contains a number of uncertainties such that the results 
should be used with caution. 

A glidepath could not be calculated for this site due to incomplete ambient IMPROVE data in the 2000-2004 baseline period. 
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Sierra Nevada 
• Dome Land Wilderness (CA)(DOME1) 
• Hoover Wilderness (CA)(HOOV1) 
• Ansel Adams Wilderness (Minarets) (CA), John Muir Wilderness (CA), and Kaiser Wilderness (CA)(KAIS1) 
• Kings Canyon National Park (CA) and Sequoia National Park (CA)(SEQU1) 
Emigrant Wilderness (CA) and Yosemite National Park (CA)(YOSE1) 

Regional visibility model performance and contribution summary on the 20% most impaired days  

 

 

 

 

 

 

 

 

 

 

 

Due to uncertainties in the modeling, the 2028 regional haze results should be used with caution. In particular, the modeling 
results (including the estimated 2028 US anthropogenic contributions) are most uncertain at sites with poor visibility model 
performance and/or high “mixed” (boundary conditions, fugitive dust, offshore, and secondary organics) contributions.  

Most important ambient PM 
species contribution to visibility 
(on 20% most impaired days)   

Sulfate, nitrate 

Model visibility performance 
summary (on 20% most impaired 
days) 
  

Very large sulfate and nitrate underpredictions, except at HOOV1 
SEQU1 is the worst performing site in the country (especially large 
underprediction of nitrate) 

Uncertainty in sector contributions High “mixed” sector contribution percentage (49%-67%). 
2028 US anthropogenic percent 
contribution 

10-26% 

Largest US anthropogenic sector 
contributions 

Nonpoint, nonEGU point, On-road, and Residential wood 



30 
 

 

Figure 19: 2011 IMPROVE observations, 2011 CAMx model predictions, 2028 modeled projection, and 2028 sector 
contributions at Dome Land Wilderness (CA).  

This figure reflects EPA's initial 2028 regional haze modeling that contains a number of uncertainties such that the results 
should be used with caution. 
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